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Hyperthermophilic chemosynthetic microbial communities are found in hot springs and deep- 
sea hydrothermal vents. High biomass production is observed in some of these communities 
despite of the limitation of nitrogen compounds in the environments. However, 
hyperthermophilic nitrogen fixation and those involved microbes have not yet been studied in 
detail. In this study, I examined the nitrogenase activity in chemosynthetic dense microbial 
communities developed at 71-77 ºC under sulfidic hot spring water in Nakabusa, analyzed the 
diversity of nitrogen fixing microbes in the communities, and isolated novel 
hyperthermophilic nitrogen-fixing bacteria. 
Nitrogenase activity was detected in the microbial communities. Comparison of the 
activity among various samples indicated that the activity was related to ambient redox states 
in the communities. The nitrogenase activity was observed when sulfate, H2 and carbonate 
were present, suggesting that chemoautotrophic sulfate reducing bacteria is closely associated 
to the observed nitrogenase activity of the communities.  
Phylogenetic diversity of nitrogenase reductase genes (nifH) in the communities was 
observed. In addition to sulfate-reducing bacteria that were suggested in the 
nitrogenase-activity measurements, sulfur/hydrogen-oxidizing bacteria in the phylum 
Aquificae and fermenting bacteria in the phylum Firmicutes were found as candidates for 
nitrogen fixers in the hyperthermophilic communities. 
Sulfur/hydrogen-oxidizing autotrophic bacteria were isolated under nitrogen fixation 
conditions from the communities and the nitrogenase activities were detected in the isolates. 
16S rRNA gene analyses of the two isolates indicated that they belonged to the genus 
Hydrogenobacter. This is the first demonstration of nitrogen-fixation activity in bacteria in 
the phylum, Aquificae.  
Taken together, nitrogen fixation is active in the hyperthermophilic chemosynthetic 
communities due to various bacteria with several types of metabolism; including 
sulfate-reduction with hydrogen, sulfur/hydrogen-oxidation with oxygen, and fermentation. 
These results suggest that nitrogen fixation takes place simultaneously in different ecological 
niches in the heterogeneous microbial communities in terms of redox states, oxygen 
concentrations, and electron donors, and the nitrogen fixation supports the biomass production 
in the communities under the shortage of nitrogen compounds.   
